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Abstract

Background

Reexamining the prevalence of persons infected with tuberculosis (TB) is important to

determine trends over time. In 2011–2012 a TB component was included in the National

Health and Nutrition Examination Survey (NHANES) to estimate the reservoir of persons

infected with TB.

Methods

Civilian, noninstitutionalized U.S. population survey participants aged 6 years and older

were interviewed regarding their TB history and eligibility for the tuberculin skin test (TST)

and interferon gamma release assay (IGRA) blood test. Once eligibility was confirmed, both

tests were conducted. Prevalence and numbers of TST positive (10 mm or greater), IGRA

positive, and both TST and IGRA positive were calculated by adjusting for the complex sur-

vey design after applying corrections for item nonresponse and digit preference in TST indu-

ration measurements. To examine TST positivity over time, data from NHANES 1999–2000

were reanalyzed using the same statistical methods. The TST was performed using Tuber-

sol, a commercially available purified protein derivative (PPD), rather than PPD-S, which

was the antigen used in NHANES 1999–2000. Prior patient history of TB vaccination was

not collected in this study nor were patients examined for the presence of a Bacillus of

Calmette and Guerin (BCG) vaccine scar.

Results

For NHANES 2011–2012, TST and IGRA results were available for 6,128 (78.4%) and

7,107 (90.9%) eligible participants, respectively. There was no significant difference

between the percentage of the U.S. population that was TST positive in 2011–2012 (4.7%

[95% CI 3.4–6.3]; 13,276,000 persons) compared with 1999–2000 (4.3%; 3.5–5.3). In
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2011–2012 the percentage that was IGRA positive was 5.0% (4.2–5.8) and double TST and

IGRA positivity was 2.1% (1.5–2.8). The point estimate of IGRA positivity prevalence in for-

eign-born persons (15.9%; 13.5–18.7) was lower than for TST (20.5%; 16.1–25.8) in 2011–

2012. The point estimate of IGRA positivity prevalence in U.S.-born persons (2.8%; 2.0–

3.8) was higher than for TST (1.5%; 0.9–2.6).

Conclusions

No statistically significant decline in the overall estimated prevalence of TST positivity was

detected from 1999–2000 to 2011–2012. The prevalence of TB infection, whether mea-

sured by TST or IGRA, remains lower among persons born in the United States compared

with foreign-born persons.

Introduction
In 2013, the World Health Organization estimated global tuberculosis (TB) rates at 1,260 cases
annually per million population [1]. In the United States, TB rates have declined each year
since 1993 and in 2013, an annual rate of 30 TB cases per million was reported [2]. The World
Health Organization reports that the incidence of TB disease has been declining globally
between 2000–2013 at a rate of 1.5% per year [1]. However, at the current rate of decline,
achieving the internationally agreed upon target of global elimination of TB by 2050, defined
as less than one case per million population per year, presents a formidable challenge [3–5]. A
2012 transmission model based on U.S. TB trend data indicated that elimination in the United
States is not likely to be achieved by the end of the century [6]. While improvements in case
detection and coordinated TB control efforts are improving globally, better point of care diag-
nostic capabilities, medication regimens, and service capacity are needed to accelerate progress
toward global TB elimination [3].

Indiscriminate screening of persons at low risk for TB infection is not recommended as the
positive predictive value of diagnostic tests for TB infection is low in this group. In addition,
available diagnostic tests are unable to predict progression of infected individuals to disease,
which means that large numbers of individuals need to be tested and treated to prevent an
active and potentially infectious case [7, 8]. Additionally, screening of low-risk groups diverts
resources away from higher priority TB control activities such as treatment of persons with TB
disease and identifying and screening contacts of infectious cases [9–11].

In the United States preventing TB among U.S. and foreign-born persons infected with TB
who have not yet developed disease is emphasized in addition to rapid diagnosis and treatment
of persons with TB disease [12, 13]. However, TB infection is not symptomatic, transmissible,
nor a reportable condition in many of the 50 U.S. states. Screening efforts are primarily focused
on contacts of persons with infectious TB and other high-risk groups, including immigrants,
refugees, incarcerated persons, and those experiencing homelessness [9, 12, 14–18].

Beginning in 1971, the Division of Tuberculosis Elimination of the U.S. Centers for Disease
Control and Prevention (CDC) has periodically funded TB infection prevalence surveys
included in the broader National Health and Nutrition Examination Survey (NHANES).
NHANES is managed by CDC’s National Center for Health Statistics. The TB component was
conducted to estimate the reservoir of persons infected with TB. In the absence of population-
based surveillance, estimating the prevalence of persons infected with TB is important to exam-
ine trends over time in high-risk populations. The 1971 component of the survey was
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administered to only 35 of the 65 study sites. As a result, a smaller sample size was used to cal-
culate the overall prevalence of TB infection (N = 1,580) limiting the precision of relevant
demographic and socioeconomic estimates [19].

The 1999–2000 NHANES survey contained a TB component with a larger sample size
(N = 7,613) while maintaining the methodology used in the 1971–1972 survey, which used
tuberculin skin tests (TSTs) exclusively to test for TB infection [20]. The 1999–2000 survey
also used TSTs, and results form the basis of the current comparison to the 2011–2012
NHANES survey results described in this manuscript. Additionally, an interferon gamma
release assay (IGRA), not available for previous studies, was added to the 2011–12 survey to
compare estimates of TB infection prevalence using two tests. Although comparisons of TST
and IGRA test results for the diagnosis of TB infection have been conducted previously, the
2011–2012 NHANES survey is the first conducted on a civilian, non-institutionalized popula-
tion based estimate of the United States [21–23].

Methods

Survey Methodology
NHANES is a series of sequentially run cross-sectional studies, implemented in 2-year cycles
that assess the health of the civilian, noninstitutionalized U.S. population [24]. In order to
obtain a nationally representative sample of the civilian, noninstitutionalized U.S. population,
NHANES employs a complex, stratified, multistage probability cluster sampling design [25].
More than 5,000 persons participate in the survey in approximately 15 counties per year. Each
survey participant is asked to respond to a series of health assessment questions in their home
as the first step. Persons are subsequently asked to participate in a physical exam, which takes
place in a mobile examination center specially equipped for this task. Survey questions and
exam components may vary during each 2-year cycle as do requirements for testing a subset of
persons based on factors such as age and race. In order to include a representative sample of
the total noninstitutionalized U.S. population and increase the precision of estimates for cer-
tain subgroups, oversampling of Hispanic, non-Hispanic black, and Asians was done in 2011–
2012. Additionally, white persons, at or below 130% of the federal poverty level, and persons
over age 80 were oversampled [25]. NHANES participants provided informed consent and
were provided monetary compensation for their involvement in the survey. This compensation
was provided to all participants and was not unique to those taking part in the TB component.

The 2011–2012 TB component of NHANES included identical survey questions utilized
during the 1999–2000 survey with the addition of one question that addressed treatment
adherence for those persons previously treated for TB infection. For persons 6 years and older
found to be eligible, each was given a tuberculin skin test (TST). Exclusion criteria included his-
tory of a severe reaction (i.e., anaphylactic shock or acute hypersensitivity reaction) to the puri-
fied protein derivative (PPD) solution used for the TST, or severe skin conditions such as
burns or active eczema over both arms. If the participant was unable to return in the allotted
time to read the TST, they were excluded. The TST was performed using a commercially avail-
able purified protein derivative (PPD) available from Sanofi Pasteur and incorporated under
the trade name, Tubersol. Tubersol was used rather than PPD-S, the national standard PPD
solution by which commercial tuberculin preparations are tested [26]. PPD-S was used in the
1999–2000 survey [27]. Although PPD-S is the U.S. standard tuberculin, each lot of commer-
cially available Tubersol is tested for potency in comparison to PPD-S and is used by TB pre-
vention programs throughout the United States and around the world [28]. Widespread
availability and use made Tubersol an appropriate alternative to PPD-S, which is only available
via an Investigational New Drug Protocol from the U.S. Food and Drug Administration.
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For each participant, a trained phlebotomist or physician injected 0.1 mL (5 tuberculin
units) of PPD into the volar surface of the right arm (or left arm, if the participant preferred).
Staff documented which arm was used for the test. TST results were measured 46–76 hours
later by trained TST readers who were not aware of the participant’s medical history or any his-
tory of contact with TB. Although the accepted standard is to read a TST result 48–72 hours
after it has been placed [16, 29], a 46–76 hour time period was used to accommodate partici-
pant scheduling. This methodology was identical to NHANES 1999–2000 [27]. To increase the
number of participants who had their TST results read, additional monetary compensation
was provided, and readings were performed in a field office at the study site, or in the partici-
pant’s homes or workplaces, as necessary. TST readers measured TST results in a standardized
way, by inspecting and palpating the surface of the forearm to determine if induration was
present. If yes, the reader would mark the left and right borders of the indurated area transverse
to the long axis of the forearm with an eyeliner pencil (for easy removal of the marks on the
arm to make it blinded for the subsequent readers), and measure the induration size in milli-
meters using a standardized ruler [29]. Persons with an induration measured at 10 or greater
millimeters were provided a form letter advising them to follow up with their physician or local
health department for further evaluation.

In addition to receiving a TST, participants had blood drawn to screen forMycobacterium
tuberculosis infection using a commercially available immunologic test. The interferon gamma
release assay (IGRA), QuantiFERON-TB Gold In-Tube (QFT-GIT; Cellestis/Qiagen, Carnegie,
Victoria, Australia) was provided to all eligible patients 6 years of age or older. QFT-GIT is an
in vitro diagnostic test that measures cell-mediated immune reactivity toM. tuberculosis anti-
gens. The test is based on quantification of interferon-gamma released from sensitized lympho-
cytes when whole blood is incubated with control antigens and a cocktail of peptides
representing threeM. tuberculosis proteins, early secretory antigenic target-6 (ESAT-6), culture
filtrate protein 10 (CFP-10), and TB 7.7. These proteins are in allM. tuberculosis but are absent
from BCG vaccine strains and from most nontuberculous mycobacteria. As test antigens, these
proteins offer the possibility of improved test specificity compared to PPD. QFT-GIT is an
FDA-approved blood test for the detection of TB infection developed subsequent to the 1999–
2000 survey [30, 31]. Persons who did not undergo phlebotomy as part of the NHANES exam
were excluded. Study protocol required that blood be drawn for the QFT-GIT prior to place-
ment of the TST.

All QFT-GIT results were conducted by a single Clinical Laboratory Improvement Act -cer-
tified laboratory during the duration of the 2011–2012 project period. Blood samples were
drawn for the IGRA Assay from which plasma specimens were prepared and stored at the
study site according to test recommendations and sent to the laboratory for testing the follow-
ing day. Quantitative and qualitative values were reported for each QFT-GIT test result that
was considered positive per the manufacturer and were based on the following criteria:

• Nil value must be� 8.0 international units (IU) gamma interferon/ml AND

• TB antigen value minus Nil value must be� 0.35 IU gamma interferon/ml AND

• TB antigen value minus Nil value must be� 25% of the Nil value

Quality assurance was conducted throughout the survey periods 1999–2000 and 2011–2012
for TST placements and readings, and 2011–2012 for drawing blood for the QFT-GIT using
standardized checklists [29]. At least two TST readers, blinded to each other’s measurements,
read TST results of>25% of participants. Readers worked in separate rooms and recorded
measurements in a computer database; measurements recorded by the first reader were not
accessible to subsequent readers. An additional TST reading was done when CDC staff
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members were onsite to conduct quality assurance, which was done at least once per quarter
during 2011–2012. For analysis purposes, NCHS provided the mean of up to three TST mea-
surements for each participant who had more than one TST result recorded. The mean of TST
results was also used in the NHANES 1999–2000.

As quality control for QFT-GIT, the laboratory repeated testing on a minimum of two per-
cent of all specimens submitted. The repeat specimens were selected in a randommanner
using a number generator. All repeated result values were recorded and compared with initial
results for concordance. Positive TST or QFT-GIT results indicated likelyM. tuberculosis infec-
tion. Quarterly progress reports were generated and submitted to CDC’s National Center for
Health Statistics (NCHS). The reports contained the number of specimens received and Statis-
tical Analysis Quality Control results. Individual quality control results were not available to
researchers for review and analysis.

Statistical Analysis
Data analyses were performed with the open source statistical software R, version 3.1.1 [32]
using the survey package [33]. Prevalence estimates for the U.S. population were based on Med-
ical Examination Center sample 2-year weights [25], supplied in the NHANES dataset, which
adjust for unequal probability of selection, unit nonresponse to the household interview and
physical examination, and differences between the final sample and total population [34]. We
further adjusted these weights to account for item nonresponse for TST, that is, a missing TST
reading, using multivariate logistic regression to examine factors associated with latent TB
infection (LTBI) and with not having a TST result in the dataset. New weights were produced
by dividing the NHANES-supplied weight by the predicted probability of TST response within
each category of covariates used in the logistic regression model for those Study Participants
with a TST result. This was done in order to correct for possible bias in prevalence estimates
based on those Study Participants with a TST reading. Details are S1 Text.

The survey package enables statistical inference which adjusts for the complex survey
design. The NHANES survey design is described to R using the svydesign function and correct
specification for variance estimation in subpopulations is implemented with the subset func-
tion. Weighted estimates for prevalence of TST positivity (TST�10 mm), IGRA positivity, and
double positivity (TST�10 mm and IGRA positive) were derived using the svyby function
which can calculate a variety of statistical measures. Proportions and their CIs are specified
within this function with the svyciprop option and method = “logit”, vartype = “ci” calls. The
“logit”method fits a logistic regression model and computes a Wald-type interval on the log-
odds scale, which is back-transformed to the probability scale of 0 to 1.

Concordance of TST and QFT-GIT positivity was examined by using the svytable function
to calculate 2-by-2 weighted crosstabulations of positive/negative proportions of these tests,
adjusting for the survey design, to estimate joint outcomes of the two tests for the civilian,
noninstitutionalized US population.

TST induration data for survey participants exhibited substantial digit preference, particu-
larly a preference for 9 mm over 10 mm. TST induration data was, therefore, smoothed using a
digit preference model, which was developed to incorporate previous approaches to dealing
with digit preference [35, 36]. Our digit preference method identified proportions of each milli-
meter induration reading to be re-assigned to 1 millimeter either side of the original reading by
smoothing. A single dataset, smoothed for TST positivity was constructed by randomly allocat-
ing the calculated proportion of millimeter re-assignments between 9 mm and 10 mm among
survey participants. Multiple datasets were simulated in this way and the resulting point esti-
mates of TST positivity were averaged to give an overall estimate. Variances were calculated as
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the sum of the average of the variances of datasets and the between-dataset variance of point
estimates. Two-by-two concordance tables for TST and IGRA were similarly averaged over the
multiple datasets. Details are in the S1 Text.

Numbers of persons with selected characteristics were estimated by multiplying prevalence
estimates and lower and upper confidence intervals with corresponding U.S. Census Bureau
population totals (S1 Text).

Estimation of LTBI prevalence for several strata may be unreliable due to small numbers of
positives or large relative standard error (RSE). Following NCHS guidelines, we deemed to be
unreliable those estimates which were based on fewer than 10 positives or for which the RSE
was greater than 30%. Details of the RSE calculation are in the S1 Text.

To examine TST positive prevalence over time, data from NHANES 1999–2000 were reana-
lyzed by the same statistical methodology used for NHANES 2011–2012 survey data. Differ-
ences in TST positivity estimates between the two studies were assessed for statistical
significance. Estimates from the two surveys were assumed to be statistically independent and
a test for significant difference was conducted on the logit scale, assuming the logit estimates
were normally distributed (S1 Text).

The NHANES protocol was reviewed by the National Center for Health Statistics’ Ethics
Review Board and was deemed to be in compliance with Health and Human Services Policy for
Protection of Human Research Subjects (45 CFR part 46, available from http://www.hhs.gov/
ohrp/humansubjects/).

Results

Participation in NHANESMedical Examination, TST and IGRA
There were a total of 9,756 survey participants in the 2011–2012 NHANES (Fig 1). Of these,
9,338 (95.7%) had both a home interview and physical exam in the NHANES mobile examina-
tion center. Of the participants who had a physical exam after the interview, 7,821 (83.8%)
were 6 years of age or older and eligible for the study; 6,128 (78.4%) had a TST placed and mea-
sured and 7,107 (90.9%) had blood drawn for IGRA. Valid (positive or negative) IGRA results
were available for 7,080 (90.5%) eligible participants; 6,064 (77.5%) participants had both TST
readings and valid IGRA results. Among participants who had at least one TST result, 59.8%
had measurements recorded separately by two or more readers. In the 1999–2000 NHANES
cycle 7,819 participants were 6 years of age or older; 6,679 (85.4%) had a TST placed and
measured.

Prevalence of Tuberculosis Infection Using TST
Overall. According to our weighted analysis, an estimated 4.7% of the civilian, noninstitu-

tionalized U.S. population aged 6 years or older, or 13,276,000 persons, were infected with TB
in 2011–2012 based on their TST response (Table 1). Among gender groups, 5.0% (95% CI
3.6–6.9) of males were infected and 4.4% (95% CI 3.2–5.9) of females were infected with TB.
Among age groups, those aged 45–64 had the highest prevalence of infection, 6.3% (4.5–8.7).
Among racial and ethnic groups, non-Hispanic Asians had the highest prevalence of TB, 22.2%
(18.5–26.3). Among non-Hispanic Asians, Hispanics [12.3 (8.9–16.7)], and the foreign born
[20.5% (16.1–25.8)] a prevalence of greater than 10% was observed. Cross-sectional 2011–2012
prevalence estimates along with 95% CIs for major subgroups are presented in Table 1. Com-
parable 1999–2000 prevalence estimates are included in Table 1 (data for non-Hispanic Asian
and Hispanic groups were not available in NHANES 1999–2000). For the overall, U.S.-born
and foreign-born populations, none was statistically different at the 0.05 level from the corre-
sponding 2011–2012 estimates (respective P-values are 0.69, 0.48, 0.50).
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U.S.-born. TST positive prevalence among U.S.-born persons decreased slightly from 1.9%
(1.5–2.5) in 1999–2000 to 1.5% (0.9–2.6) in 2011–2012 (Table 2). U.S.-born males had higher
infection rates than females in both survey cycles. As age group increased, prevalence of TB
infection increased to a peak of 2.1% (1.2–3.7) among persons aged 65 and older in 2011–2012;
the increase in prevalence with age was more pronounced in 1999–2000 with a peak of 4.6%
(2.8–7.4) in the 65 and older age group (Fig 2). The highest TB infection prevalence among
racial and ethnic groups in 2011–2012 was observed among non-Hispanic Black persons [5.1%
(3.6–7.3)]; all other racial and ethnic groups had TB infection prevalence rates below 3%.

Foreign-born. A disproportionate level of TB infection among foreign-born persons was
observed in both NHANES 1999–2000 and 2011–2012 (Table 3). In 2011–2012, TB infection
was distributed equally among males and females, 20.1 vs. 20.9%. The 45–64 age group had the
highest prevalence of TB infection [28.8% (22.3–36.2)] although all age groups with the excep-
tion of 6–14 had a prevalence greater than 10% (Fig 3). Among racial and ethnic groups, a
prevalence of greater than 20% was observed among non-Hispanic Asians [28.8% (24.7–33.4)],
non-Hispanic Blacks [27.3% (19.8–36.3)], and Hispanics [20.3% (14.5–27.6)].

Fig 1. Flow chart illustrating participation in the 2011–2012 National Health and Nutrition Examination Survey, including total survey participants
and number and percentage of survey participants who had tuberculin skin and interferon gamma release assay tests and results.

doi:10.1371/journal.pone.0140881.g001
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Table 1. Tuberculin Skin Test Positive Prevalence in the Civilian, Noninstitutionalized U.S. Population, Ages 6+, 2011–2012 and 1999–2000.

2011–2012 1999–2000

Characteristics TST Positive Prevalence, % (95%
CI)

TST Positive, N (95% CI) x
1,000a

TST Positive Prevalence, % (95%
CI)

TST Positive, N (95% CI) x
1,000a

Total 4.7 (3.4–6.3) 13,276 (9,604–17,795) 4.3 (3.5–5.3) 10,725 (8,730–13,220)

Sex

Female 4.4 (3.2–5.9) 6,386 (4,644–8,563) 3.3 (2.3–4.6) 4,238 (2,954–5,907)

Male 5.0 (3.6–6.9) 6,866 (4,944–9,475) 5.4 (4.5–6.6) 6,534 (5,445–7,986)

Age group, yr

6–14 1.0 (0.6–1.8) 370 (222–666) 1.2 (0.6–2.2)§ 440 (220–807)

15–24 2.9 (1.8–4.7) 1,247 (774–2,021) 2.3 (1.2–4.5)§ 877 (458–1,716)

25–44 5.7 (3.8–8.7) 4,590 (3,060–7,006) 4.8 (3.7–6.3) 3,957 (3,050–5,193)

45–64 6.3 (4.5–8.7) 5,157 (3,684–7,122) 6.4 (4.5–8.9) 3,818 (2,684–5,309)

�65 4.3 (3.0–6.2) 1,724 (1,203–2,485) 5.4 (3.7–7.8) 1,757 (1,204–2,538)

Race/ethnicity

Non-Hispanic white 1.0 (0.6–1.8) 1,821 (1,093–3,278) 2.0 (1.3–2.8) 3,575 (2,324–5,005)

Non-Hispanic black 6.9 (5.2–9.0) 2,323 (1,750–3,030) 7.7 (6.0–9.9) 2,370 (1,847–3,047)

Hispanicb 12.3 (8.9–16.7) 5,543 (4,010–7,525) . . . . . .

Non-Hispanic Asianb 22.2 (18.5–26.3) 3,057 (2,547–3,621) . . . . . .

Povertyc

At or above poverty 3.9 (2.7–5.6) 7,876 (5,453–11,309) 3.5 (2.7–4.5) 7,486 (5,775–9,625)

Below poverty 7.0 (5.6–8.7) 5,006 (4,005–6,222) 6.3 (4.3–9.2) 1,875 (1,280–2,738)

Education level

<High school 6.0 (4.2–8.4) 4,910 (3,437–6,874) 5.6 (4.5–7.0) 2,542 (2,043–3,178)

High school graduate 4.8 (3.2–7.3) 3,184 (2,122–4,842) 3.4 (2.4–4.8) 2,248 (1,587–3,174)

Beyond high school 3.8 (2.8–5.0) 5,103 (3,760–6,715) 3.6 (2.4–5.3) 3,645 (2,430–5,366)

Birthplace

United States 1.5 (0.9–2.6) 3,641 (2,185–6,312) 1.9 (1.5–2.5) 4,170 (3,292–5,487)

Foreign-born 20.5 (16.1–25.8) 8,139 (6,392–10,243) 18.1 (13.5–23.8) 5,421 (4,043–7,128)

Diabetesd

Normal 4.1 (3.0–5.6) . . . 4.0 (3.1–5.1) . . .

Prediabetes 6.7 (4.1–10.7) . . . 9.1 (6.6–12.4) . . .

Diabetes 8.7 (6.0–12.4) . . . 6.9 (4.6–10.3) . . .

Body Mass Indexe . . . . . .

Underweight 4.3 (1.6–11.0)§ . . . 1.4 (0.6–3.7)§ . . .

Normal 4.1 (2.9–5.8) . . . 4.3 (3.1–6.0) . . .

Overweight 5.0 (3.7–6.8) . . . 5.2 (4.2–6.6) . . .

Obese 5.1 (3.4–7.6) . . . 4.3 (3.2–5.8) . . .

Cigarette Smoking
Status

. . . . . .

Never Smoker 5.5 (3.9–7.7) . . . 4.0 (2.7–6.0) . . .

Former Smoker 5.3 (3.8–7.3) . . . 6.2 (4.4–8.7) . . .

Current Smoker 5.8 (3.6–9.4) . . . 6.6 (4.9–8.9) . . .

a Calculated for characteristics for which a population denominator was available
b Estimates for Hispanic and Asian subgroups cannot be calculated for 1999–2000 due to NHANES sampling methodology
cDefined using the ratio of family income to poverty (calculated by dividing family income by the U.S. Department of Health and Human Services poverty

guidelines specific to the survey year); < 1 was considered below poverty
d Normal, prediabetes and diabetes were defined using the National Institutes of Health’s glycohemoglobin (A1C) cutoff values http://diabetes.niddk.nih.

gov/dm/pubs/diagnosis/
e BMI categories for children and adolescents aged 2 to 19 years were based on the Centers for Disease Control and Prevention's sex-specific 2000 BMI-

for-age growth charts for the United States http://www.cdc.gov/growthcharts/clinical_charts.htm. BMI for adults aged 20 years and older were based on

Centers for Disease Control and Prevention’s standard weight status categories http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html
§ Estimates and 95% CIs may be unreliable because the RSE > 30%

Note: There were no study participants with both TST positive and HIV positive results

doi:10.1371/journal.pone.0140881.t001
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Alternative Definition of TB Infection: IGRA Positivity
In 2011–2012 an estimated 5.0% (4.2–5.8) of the civilian, noninstitutionalized U.S. population
aged 6 years or older had IGRA positive results (Table 4) and 2.8% (2.0–3.8) of U.S.-born per-
sons were IGRA positive compared to 15.9% (13.5–18.7) among foreign-born persons. The
estimated numbers of TB-infected persons by definition of IGRA positivity is 14,123,000
(11,863,000–16,383,000) for the entire U.S. population. The estimated number of participants
with positive IGRA results were similar among U.S.-born [6,797,000 (4,855,000–9,225,000)]
and foreign-born [6,312,000 (5,360,000–7,424,000)] persons.

IGRA positive prevalence followed similar patterns as TST positive prevalence with higher
rates among males than females and increasing prevalence with increasing age group (with the
exception of the 15–24 and 25–44 age groups among U.S.-born, which had IGRA prevalence
rates of 2.2% (1.2–2.4) and 1.9% (1.0–3.6), respectively; Table 4). Furthermore, as with TST
positive prevalence, non-Hispanic Asian persons had the highest IGRA positive prevalence
among the overall population [17.5% (15.0–20.2)] and the foreign-born population [(22.3%
(19.6–25.3)]. Among the U.S.-born, non-Hispanic Black persons had the highest prevalence of
TB infection by IGRA [4.4% (3.2–6.0)].

Alternative Definition of TB Infection: Double TST and IGRA Positivity
Applying an alternative definition of TB infection that required both TST and IGRA positivity
yielded a prevalence of 2.1% (1.5–2.8) for the total population in 2011–2012 NHANES
(Table 5). In the U.S.-born population alone, that prevalence was 0.6% (0.4–1.0) vs. 9.3% (7.4–
11.7) among the foreign born. The use of this definition lowers the estimated number of TB-

Table 2. Tuberculin Skin Test Positive Prevalence in the Civilian, Noninstitutionalized U.S.-born Population, Ages 6+, United States, 2011–2012
and 1999–2000.

2011–2012 1999–2000

Characteristics TST Positive Prevalence, %
(95% CI)

TST Positive, N (95% CI) x
1,000

TST Positive Prevalence, %
(95% CI)

TST Positive, N (95% CI) x
1,000

Total 1.5 (0.9–2.6) 3,641 (2,185–6,312) 1.9 (1.5–2.5) 4,170 (3,292–5,487)

Sex

Female 1.3 (0.8–2.2) 1,622 (998–2,745) 1.5 (1.1–2.2) 1,697 (1,245–2,489)

Male 1.8 (1.0–3.1) 2,124 (1,180–3,658) 2.3 (1.5–3.5) 2,446 (1,595–3,722)

Age group, yr

6–14 0.4 (0.2–0.8)*§ 142 (71–284) 0.4 (0.1–1.5)§ 139 (35–520)

15–24 1.0 (0.4–2.6)*§ 388 (155–1,010) 0.6 (0.2–1.5)§ 203 (68–507)

25–44 1.5 (0.9–2.4) 960 (576–1,536) 1.2 (0.7–2.1) 829 (484–1,451)

45–64 2.1 (1.0–4.4)§ 1,458 (694–3,055) 3.3 (2.0–5.4) 1,730 (1,048–2,830)

�65 2.1 (1.2–3.7) 734 (420–1,294) 4.6 (2.8–7.4) 1,357 (826–2,182)

Race/ethnicity

Non-Hispanic white 0.7 (0.3–1.4)§ 1,222 (524–2,445) 1.2 (0.7–2.0) 2,047 (1,194–3,411)

Non-Hispanic black 5.1 (3.6–7.3) 1,560 (1,101–2,233) 6.3 (4.7–8.3) 1,804 (1,346–2,377)

Hispanica 2.9 (2.0–4.2) 771 (532–1,117) . . . . . .

Non-Hispanic
Asiana

2.4 (0.9–5.9)*§ 94 (35–232) . . . . . .

a Estimates for Hispanic and Asian subgroups cannot be calculated for 1999–2000 due to NHANES sampling methodology

*Estimates and 95% CIs may be unreliable because the number of sample positives is < 10
§ Estimates and 95% CIs may be unreliable because the RSE > 30%

doi:10.1371/journal.pone.0140881.t002
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Fig 2. Tuberculin skin test positive prevalence estimates from the civilian, noninstitutionalized U.S.-
born population aged 6 years or older, by age group. The orange points represent 1999–2000 prevalence
estimates and the teal points represent 2011–2012 estimates. The vertical lines represent 95% confidence
intervals.

doi:10.1371/journal.pone.0140881.g002

Table 3. Tuberculin Skin Test Positive Prevalence in the Civilian, Noninstitutionalized Foreign-born Population, Ages 6+, United States, 2011–
2012 and 1999–2000.

2011–2012 1999–2000

Characteristics TST Positive Prevalence, %
(95% CI)

TST Positive, N (95% CI) x
1,000

TST Positive Prevalence, %
(95% CI)

TST Positive, N (95% CI) x
1,000

Total 20.5 (16.1–25.8) 8,139 (6,392–10,243) 18.1 (13.5–23.8) 5,421 (4,043–7,128)

Sex

Female 20.1 (15.4–25.8) 4,097 (3,139–5,259) 13.9 (8.8–21.4) 2,123 (1,344–3,269)

Male 20.9 (16.1–26.8) 4,037 (3,110–5,177) 21.9 (16.1–29.2) 3,214 (2,363–4,285)

Age group, yr

6–14 9.2 (4.0–19.8)*§ 135 (59–291) 9.8 (5.3–17.5)§ 195 (106–348)

15–24 13.4 (8.1–21.5) 558 (337–896) 12.1 (5.2–25.6)§ 522 (224–1,105)

25–44 18.9 (13.0–26.7) 3,122 (2,147–4,411) 19.9 (14.4–26.8) 2,658 (1,923–3,579)

45–64 28.8 (22.3–36.2) 3,579 (2,771–4,499) 25.2 (18.0–34.0) 1,823 (1,302–2,460)

�65 21.2 (15.3–28.7) 1,085 (783–1,469) 10.9 (5.2–21.6)§ 333 (159–659)

Race/ethnicity

Non-Hispanic white 9.3 (4.2–19.3)§ 696 (314–1,445) 16.7 (11.4–23.9) 1,369 (934–1,959)

Non-Hispanic black 27.3 (19.8–36.3) 838 (607–1,114) 20.1 (14.0–27.9) 430 (299–596)

Hispanica 20.3 (14.5–27.6) 3,748 (2,677–5,096) . . . . . .

Non-Hispanic
Asiana

28.8 (24.7–33.4) 2,833 (2,430–3,285) . . . . . .

a Estimates for Hispanic and Asian subgroups cannot be calculated for 1999–2000 due to NHANES sampling methodology

* Estimates and 95% CIs may be unreliable because the number of sample positives is < 10
§ Estimates and 95% CIs may be unreliable because the RSE > 30%

doi:10.1371/journal.pone.0140881.t003
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Fig 3. Tuberculin skin test positive prevalence estimates from the civilian, noninstitutionalized
foreign-born population aged 6 years or older, by age group. The orange points represent 1999–2000
prevalence estimates and the teal points represent 2011–2012 estimates. The vertical lines represent 95%
confidence intervals.

doi:10.1371/journal.pone.0140881.g003

Table 4. Interferon Gamma Release Assay Positive Prevalence in the Civilian, Noninstitutionalized U.
S. Population, Ages 6+, 2011–2012.

IGRA Positive Prevalence, % (95% CI)

Characteristics Overall U.S.-born Foreign-born

Total 5.0 (4.2–5.8) 2.8 (2.0–3.8) 15.9 (13.5–18.7)

Sex

Female 4.2 (3.3–5.3) 2.3 (1.4–3.6) 14.0 (11.3–17.3)

Male 5.8 (5.0–6.7) 3.3 (2.5–4.4) 17.9 (14.9–21.3)

Age group, yr

6–14 0.9 (0.4–1.8)§ 0.7 (0.3–1.7)§ 2.6 (0.7–9.2)*§

15–24 3.0 (1.9–4.5) 2.2 (1.2–4.1)§ 7.1 (3.3–14.4)§

25–44 4.4 (3.5–5.5) 1.9 (1.0–3.6)§ 12.0 (9.3–15.5)

45–64 6.8 (5.1–8.9) 3.6 (2.3–5.6) 23.5 (18.5–29.4)

�65 8.3 (6.5–10.5) 5.2 (4.0–6.9) 32.1 (24.4–40.9)

Race/ethnicity

Non-Hispanic white 2.7 (1.9–3.7) 2.4 (1.6–3.5) 9.4 (4.6–18.5)§

Non-Hispanic black 5.3 (4.0–6.8) 4.4 (3.2–6.0) 15.2 (10.9–20.7)

Hispanic 10.2 (8.7–11.9) 3.7 (2.5–5.4) 15.6 (13.0–18.7)

Non-Hispanic Asian 17.5 (15.0–20.2) 2.9 (1.5–5.4)*§ 22.3 (19.6–25.3)

HIV Statusa

Negative 4.7 (3.8–5.7) 2.1 (1.3–3.3) 14.6 (12.1–17.4)

Positive 7.6 (3.3–16.7)*§ 8.2 (3.3–19.1)*§ . . .

a There were no foreign-born study participants with both IGRA positive and HIV positive results

* Estimates and 95% CIs may be unreliable because the number of sample positives is < 10
§ Estimates and 95% CIs may be unreliable because the RSE > 30%

doi:10.1371/journal.pone.0140881.t004
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infected persons in the United States to 5,932,000 (4,293,000–7,796,000). Among the U.S. born
that estimate is 1,457,000 (971,000–2,428,000) vs. 3,692,000 (2,938,000–4,645,000) in the for-
eign born.

Concordance between TST and IGRA
An estimated 94.5% of TST and IGRA test results were in agreement (Table 6). Test result dis-
cordance was higher among the foreign-born population (17.8%) compared to the U.S.-born
population (3.1%). Among foreign-born persons with discordant test results, 11.2% had posi-
tive TST and negative IGRA results, and 6.6% had positive IGRA and negative TST results.

Survey Responses
Of 2011–2012 NHANES survey respondents, 64.2% (61.2–67.0) had previously been tested for
TB infection. Among persons who had been tested previously, 5.9% (5.0–6.9) reported being
told their test result was positive. Of those individuals, 43.7% (38.9–48.7) were prescribed med-
icine to prevent TB infection from progressing to TB disease and 91.7% (88.1–94.2) completed

Table 5. Tuberculin Skin Test and Interferon Gamma Release Assay Positive Prevalence in the Civil-
ian, Noninstitutionalized U.S. Population, Ages 6+, 2011–2012.

TST and IGRA Positive Prevalence, % (95% CI)

Characteristics Overall U.S.-born Foreign-born

Total 2.1 (1.5–2.8) 0.6 (0.4–1.0) 9.3 (7.4–11.7)

Sex

Female 1.9 (1.4–2.6) 0.5 (0.3–1.0)§ 9.1 (6.9–11.7)

Male 2.2 (1.6–3.1) 0.7 (0.4–1.2) 9.6 (7.2–12.6)

Age group, yr

6–14 0.2 (0.1–0.8)*§ 0.1 (0.0–0.5)*§ 1.6 (0.2–10.2)*§

15–24 1.0 (0.4–2.3)*§ 0.6 (0.1–2.8)*§ 3.1 (1.3–6.9)*§

25–44 1.9 (1.2–3.0) 0.4 (0.2–0.7)* 6.6 (4.3–10.1)

45–64 3.2 (2.2–4.5) 0.7 (0.3–1.7)§ 16.1 (12.4–20.7)

�65 2.9 (1.9–4.3) 1.3 (0.7–2.3)§ 15.2 (10.1–22.3)

Race/ethnicity

Non-Hispanic white 0.3 (0.1–0.6)*§ 0.2 (0.1–0.5)*§ 2.8 (1.1–6.8)*§

Non-Hispanic black 3.1 (2.1–4.6) 2.5 (1.5–4.0) 10.5 (6.5–16.6)

Hispanic 5.8 (4.5–7.5) 1.1 (0.6–2.1)§ 9.8 (7.6–12.4)

Non-Hispanic Asian 10.3 (8.0–13.3) 1.8 (0.6–4.9)*§ 13.2 (10.6–16.3)

* Estimates and 95% CIs may be unreliable because the number of sample positives is < 10
§ Estimates and 95% CIs may be unreliable because the RSE > 30%

doi:10.1371/journal.pone.0140881.t005

Table 6. Agreement between the Tuberculin Skin Test and Interferon GammaRelease Assay Test Results for Tuberculosis Infection in the Civilian,
Noninstitutionalized U.S. Population, Ages 6+, 2011–2012.

Overall Prevalence,% U.S.-born Prevalence,% Foreign-born Prevalence,%

TST Positive/IGRA Positive 2.1 0.6 9.3

TST Positive/IGRA Negative 2.6 0.9 11.2

TST Negative/IGRA Positive 2.9 2.2 6.6

TST Negative/IGRA Negative 92.4 96.3 72.9

doi:10.1371/journal.pone.0140881.t006
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treatment. Only 0.4% (0.3–0.5) of survey respondents reported a previous diagnosis of TB dis-
ease, and 59.3% (36.3–78.9) of those individuals reported that they were prescribed medicine
for treatment of TB.

Discussion
Tuberculosis disease surveillance in the United States is robust and well documented [37].
However, TB infection results are not reported to the CDC. Since surveillance for TB infection
in the United States is not currently done at the national level, prevalence surveys represent a
relatively low-cost method to develop population estimates. This report represents the first
national estimate of persons infected with TB disease since NHANES 1999–2000. In addition
to presenting results of the analysis for NHANES 2011–2012, we re-analyzed 1999–2000 data
to present a comparison among the overall population and major subgroups. Our analysis
focused on TST results in order to directly compare with 1999–2000 TB infection prevalence,
for which only TST results were available.

With the continued decline of TB disease in the United States and the country’s designation
as a low TB-morbidity country, it was logical to posit that TB infection was declining from
year-to-year. Furthermore, the birth cohort effect suggests that TB infection prevalence will
decline among both U.S. and foreign-born populations as older birth cohorts, which typically
have higher infection rates, are replaced with younger birth cohorts with lower rates of infec-
tion [38]. The current NHANES 2011–2012 survey results show no evidence of this presumed
decline in infection prevalence over the last decade. In fact, there was a slight but statistically
insignificant increase in the point estimate in the overall prevalence of TB infection from
1999–2000 to 2011–2012 (4.3% vs. 4.7%). Even if we were to assume the prevalence estimates
from the two survey periods were highly positively correlated, resulting in a decreased standard
error and a narrower confidence interval around the difference between the estimates, the con-
fidence interval still contains zero and the difference remains statistically insignificant.

The point estimate increase in TB infection prevalence in the foreign-born population from
NHANES 1999–2000 to 2011–2012 (18.1% vs. 20.5%) was also not statistically significant. This
observed lack of decline stands in contrast to the trend in overall national TB disease rates,
which declined during this period from 28.1 per 100,000 in 1999 to 15.9 per 100,000 in 2012
[37]. TB infection prevalence among foreign-born persons is influenced by TB infection rates
in the country of origin [17, 39] and changing immigration patterns [17, 40]. It is possible,
therefore, that a substantial drop in disease rates despite no decline in infection prevalence sig-
nifies effective TB control measures directed at foreign-born persons in the United States.

The NHANES survey population does not include those persons at highest risk of TB
(incarcerated persons, persons experiencing homelessness, or elderly persons in long-term care
facilities), and therefore TB infection prevalence data were not available among these groups.
Exclusion of these persons from the survey likely resulted in an underestimation of the true
prevalence overall and among the U.S.-born population [41–43]. Although HIV status was
tested as part of NHANES, there were insufficient survey participants co-infected with TB
infection and HIV to include in this analysis.

Defining positive TB infection using IGRA alone resulted in a slight increase compared with
TST in the overall and U.S.-born prevalence estimates. However, the effect on foreign-born TB
infection prevalence was more notable, decreasing that estimate to 15.9% (from 20.5% TST
positive prevalence in 2011–2012). This is likely in part due to the absence of cross-reactivity to
Bacillus Calmette-Guerin (BCG) vaccination resulting in higher false-positive TST results [31];
however we did not collect information about BCG for the 2011–2012 NHANES survey and
were therefore unable to test this hypothesis using these national-level data. A rigorous
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statistical assessment of the difference in point estimates would have to take into account the
amount of agreement between the tests, i.e., double positivity, as well as the complex survey
design. The higher prevalence of IGRA positivity (2.8%) than TST positivity (1.5%) among the
U.S.-born population was unexpected, and most [78.6%; (TST-/IGRA+)� total IGRA+ = 2.2%
� (0.6%+2.2%); Table 6] of those with a positive IGRA had a negative TST. A similar study in
military trainees in the United States reported that only 4 (0.3%) of 1546 low-risk trainees were
IGRA positive and 3 (75%) of those were TST negative at a 10 mm cut off [44]. Among the U.
S.-born population, an especially low-risk subgroup is non-Hispanic whites; in our analysis
this group also had an unexpectedly high IGRA prevalence (2.4%), and most [91.7%; (IGRA+–
TST+/IGRA+)� IGRA+ = (2.4%– 0.2%)� 2.4%; Tables 4 and 5] of these had a negative TST.
Another study has demonstrated that the QFT-GIT assay can be associated with unexpected
positive results when a low-risk population such as U.S. healthcare workers is screened and
that these positive QFT-GIT results commonly revert to negative when the healthcare worker
is retested with the same test [45].

Incorporating IGRA and TST into the definition for positive TB infection reduced the prev-
alence estimate by more than half (from 4.7% TST positivity to 2.1% combined TST and IGRA
positivity). Similar reductions were seen in the prevalence point estimates among the U.S. and
foreign-born populations. The double positive results represent a more conservative definition
of TB infection than either test result alone, and if accurate would indicate a substantially lower
TB infection prevalence rate than what we report based on TST positivity alone or IGRA posi-
tivity alone. However, CDC guidelines do not recommend routine use of both tests together.
Additionally, steps should be taken to minimize unnecessary and misleading testing of persons
at low risk [31].

While conventional, our choice of 10 mm cut-off is prone to bias from digit preference. For
reasons unknown, the 2011–2012 data exhibited preference at 9 mm, whereas the more typical
preference for 10 mm was present in the 1999–2000 data (S1 Text). We applied digit preference
smoothing to both datasets so as to correct for underestimation of positive test results in the
current dataset and overestimation in the older one. Crucially, this allows for comparison of
prevalence estimates in each dataset to assess changes over the 12-year period between studies.
This is because LTBI prevalence estimates for separate survey cycles will vary in accuracy
depending on the criteria used to define TST positivity, whereas inference about the change in
prevalence between successive survey cycles will be less affected by choice of criteria provided
the same are used in both survey cycles. An examination of TST positivity with a>5 mm cut-
off, which is considered positive in persons at high risk of developing TB, was further included
in S1 Text to allow a comparison of this data to IGRA results.

IGRA blood test results are less subject to reader bias than TST [31]. Although questions
about the interpretation of TST and IGRA results endure, agreement between the TST and
IGRA tests was higher than previously published estimates [46, 47]. The IGRA component in
the 2011–2012 NHANES may facilitate use of IGRA results as a measure of TB infection for
trend analysis in the future.

This study contained a number of limitations. Tubersol was used in NHANES 2011–2012
rather than PPD-S, which was used in the 1999–2000 study to conduct the TST. This change in
solutions had the potential to affect results making a comparison among the two studies less
accurate. Although a random sample of at least two percent of QFT-GIT specimens were repeat
tested for quality control, we were unable to review or analyze individual results as they were
not available to researchers. This study did not collect information about BCG for the 2011–
2012 NHANES survey. This limited our ability to examine cross-reactivity among vaccinated
individuals and may have contributed to higher false-positive TST results.
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Despite annual declines in TB disease case numbers and incidence rates, the NHANES sur-
vey detected no significant change in the rate of TB infection among the civilian, noninstitu-
tionalized U.S. population since 1999–2000. The reservoir of TB infection in foreign-born
persons, who comprised 65% of all reported cases of TB disease in 2013 [37], will continue to
challenge efforts to decrease TB infection in the United States. The rates of TB disease among
foreign-born persons are predicted to decline over the next 5 years [48]; all strategies for
screening and treating foreign-born persons should be considered in order for TB infection
measures to achieve a similar trend.

As positive predictive values of tests for low prevalence infections tend to be low, there will
be ongoing challenges in estimating TB infection prevalence among the U.S.-born population.
Furthermore, as the rate of TB disease declines among the U.S.-born population it will also
become more important to target those known to be at higher risk of TB infection and disease,
but not included in NHANES: incarcerated persons, persons experiencing homelessness, and
elderly persons in long term care facilities. TB control efforts in the United States should focus
on targeted testing of high-risk populations to make the most efficient use of resources.
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(DOCX)

Acknowledgments
The authors wish to acknowledge Judy Gibson, Elvin Magee, NHANES project staff from the
CDC National Center for Health Statistics, and Westat contract staff who contributed their
expertise to the successful completion of the tuberculosis component of NHANES, 2011–2012.

References in this manuscript to any specific commercial products, process, service, manu-
facturer, or company does not constitute its endorsement or recommendation by the U.S. Gov-
ernment or CDC. The findings and conclusions are those of the authors and do not necessarily
represent the views of the Centers for Disease Control and Prevention.

Author Contributions
Conceived and designed the experiments: RM LL TN KC PL. Performed the experiments: RM
LL RYW. Analyzed the data: AH RYW. Contributed reagents/materials/analysis tools: AH.
Wrote the paper: RM AH RYW LL TN KC PL.

References
1. World Health Organization (WHO). Global tuberculosis report 2014. Geneva: WHO, 23 Oct 2014.

Available: http://www.who.int/tb/publications/global_report/en/. Accessed 1 September 2015.

2. Alami NN, Yuen CM, Miramontes R, Pratt R, Price SF, Navin TR, et al. Trends in tuberculosis—United
States, 2013. MMWRMorb Mortal Wkly Rep. 2014 Mar 21; 63(11):229–33. PMID: 24647398.

3. Dye C, Glaziou P, Floyd K, Raviglione M. Prospects for tuberculosis elimination. Annu Rev Public
Health. 2013; 34:271–86. PMID: 23244049. doi: 10.1146/annurev-publhealth-031912-114431

4. Onozaki I, Raviglione M. Stopping tuberculosis in the 21st century: goals and strategies. Respirology.
2010 Jan; 15(1):32–43. PMID: 20199633. doi: 10.1111/j.1440-1843.2009.01673.x

5. World Health Organization. Report of the 13th Meeting WHOStrategic and Technical Advisory Group
for Tuberculosis (STAG-TB) 11–12 June 2013. Document WHO/HTM/TB/2013.09. Geneva, World
health Organization. 2013.

6. Hill AN, Becerra JE, Castro KG. Modelling tuberculosis trends in the USA. Epidemiol Infect. 2012 Oct;
140(10):1862–72. PMID: 22233605. doi: 10.1017/S095026881100286X

TB Infection Prevalence: NHANES 2011-2012

PLOS ONE | DOI:10.1371/journal.pone.0140881 November 4, 2015 15 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140881.s001
http://www.who.int/tb/publications/global_report/en/
http://www.ncbi.nlm.nih.gov/pubmed/24647398
http://www.ncbi.nlm.nih.gov/pubmed/23244049
http://dx.doi.org/10.1146/annurev-publhealth-031912-114431
http://www.ncbi.nlm.nih.gov/pubmed/20199633
http://dx.doi.org/10.1111/j.1440-1843.2009.01673.x
http://www.ncbi.nlm.nih.gov/pubmed/22233605
http://dx.doi.org/10.1017/S095026881100286X


7. Esmail H, Barry CE 3rd, Young DB, Wilkinson RJ. The ongoing challenge of latent tuberculosis. Philos
Trans R Soc Lond B Biol Sci. 2014; 369(1645):20130437. PMID: 24821923. doi: 10.1098/rstb.2013.
0437

8. Smieja MJ, Marchetti CA, Cook DJ, Smaill FM. Isoniazid for preventing tuberculosis in non-HIV infected
persons. Cochrane Database Syst Rev. 2000;(2: ):CD001363. PMID: 10796642.

9. Centers for Disease Control and Prevention. Screening for tuberculosis and tuberculosis infection in
high-risk populations. Recommendations of the Advisory Council for the Elimination of Tuberculosis.
MMWRRecommRep. 1995 Sep 8; 44(RR-11):19–34. PMID: 7565540.

10. World Health Organization (WHO). Systematic screening for active tuberculosis: principles and recom-
mendations. Available: http://www.who.int/tb/tbscreening/en/. Accessed 1 September 2015.

11. WHOExpert Committee on Tuberculosis: ninth report. Geneva, World Health Organization, 1974:16
(WHO Technical Report Series, No. 552).

12. Lee D, Philen R, Wang Z, McSpadden P, Posey DL, Ortega LS, et al. Disease surveillance among
newly arriving refugees and immigrants—Electronic Disease Notification System, United States, 2009.
MMWR Surveill Summ. 2013 Nov 15; 62(7):1–20. PMID: 24225411.

13. Posey DL, Naughton MP, Willacy EA, Russell M, Olson CK, Godwin CM, et al. Implementation of new
TB screening requirements for U.S.-bound immigrants and refugees—2007–2014. MMWRMorb Mortal
Wkly Rep. 2014 Mar 21; 63(11):234–6. PMID: 24647399.

14. Bennett RJ, Brodine S, Waalen J, Moser K, Rodwell TC. Prevalence and treatment of latent tuberculo-
sis infection among newly arrived refugees in San Diego County, January 2010-October 2012. Am J
Public Health. 2014 Apr; 104(4):e95–e102. PMID: 24524534. doi: 10.2105/AJPH.2013.301637

15. Lashley M. A targeted testing program for tuberculosis control and prevention among Baltimore city's
homeless population. Public Health Nurs. 2007 Jan-Feb; 24(1):34–9. PMID: 17214651.

16. National Tuberculosis Controllers Association, Centers for Disease Control and Prevention. Guidelines
for the investigation of contacts of persons with infectious tuberculosis. Recommendations from the
National Tuberculosis Controllers Association and CDCMMWRRecommRep. 2005 Dec 16; 54(RR-
15):1–47. PMID: 16357823.

17. Cain KP, Garman KN, Laserson KF, Ferrousier-Davis OP, Miranda AG, Wells CD, et al. Moving toward
tuberculosis elimination: implementation of statewide targeted tuberculin testing in Tennessee. Am J
Respir Crit Care Med. 2012 Aug 1; 186(3):273–9. PMID: 22561962. doi: 10.1164/rccm.201111-
2076OC

18. Centers for Disease Control and Prevention. Prevention and control of tuberculosis in correctional and
detention facilities: recommendations from CDC. Endorsed by the Advisory Council for the Elimination
of Tuberculosis, the National Commission on Correctional Health Care, and the American Correctional
Association. MMWRRecommRep. 2006 Jul 7; 55(RR-9):1–44. PMID: 16826161.

19. Engel A, Roberts J. Tuberculin skin test reaction among adults 25–74 years, United States, 1971–72.
Vital Health Stat 11. 1977 Jul(204: ):1–40. PMID: 303008.

20. Bennett DE, Courval JM, Onorato I, Agerton T, Gibson JD, Lambert L, et al. Prevalence of tuberculosis
infection in the United States population: the national health and nutrition examination survey, 1999–
2000. Am J Respir Crit Care Med. 2008 Feb 1; 177(3):348–55. PMID: 17989346.

21. Connell TG, Ritz N, Paxton GA, Buttery JP, Curtis N, Ranganathan SC. A three-way comparison of
tuberculin skin testing, QuantiFERON-TB gold and T-SPOT.TB in children. PloS One. 2008; 3(7):
e2624. PMID: 18612425. doi: 10.1371/journal.pone.0002624

22. Mazurek GH, Weis SE, Moonan PK, Daley CL, Bernardo J, Lardizabal AA, et al. Prospective compari-
son of the tuberculin skin test and 2 whole-blood interferon-gamma release assays in persons with sus-
pected tuberculosis. Clin Infect Dis. 2007 Oct 1; 45(7):837–45. PMID: 17806047.

23. Zhao X, Mazlagic D, Flynn EA, Hernandez H, Abbott CL. Is the QuantiFERON-TB blood assay a good
replacement for the tuberculin skin test in tuberculosis screening? a pilot study at Berkshire Medical
Center. Am J Clin Pathol. 2009 Nov; 132(5):678–86. PMID: 19846807. doi: 10.1309/
AJCPUHC34NBDGKKL

24. Centers for Disease Control and Prevention. NHANES 2011–2012 Overview. Atlanta, GA: National
Center for Health Statistics, 2014. Available: http://www.cdc.gov/nchs/nhanes/nhanes2011-2012/
overview_g.htm. Accessed 9 March 2015.

25. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey: Sam-
ple Design, 2011–2014. Atlanta, GA: National Center for Health Statistics, 2014. Available: http://
www.cdc.gov/nchs/data/series/sr_02/sr02_162.pdf. Accessed 9 March 2015.

26. Affronti LF, Caprio JJ, Edwards PQ, FurculowML, Grzybowski S, Katz J, et al. What is PPD-S? A state-
ment by the Committee on Diagnostic Skin Testing. Am Rev Respir Dis. 1969 Mar; 99(3):460–1. PMID:
5765640.

TB Infection Prevalence: NHANES 2011-2012

PLOS ONE | DOI:10.1371/journal.pone.0140881 November 4, 2015 16 / 17

http://www.ncbi.nlm.nih.gov/pubmed/24821923
http://dx.doi.org/10.1098/rstb.2013.0437
http://dx.doi.org/10.1098/rstb.2013.0437
http://www.ncbi.nlm.nih.gov/pubmed/10796642
http://www.ncbi.nlm.nih.gov/pubmed/7565540
http://www.who.int/tb/tbscreening/en/
http://www.ncbi.nlm.nih.gov/pubmed/24225411
http://www.ncbi.nlm.nih.gov/pubmed/24647399
http://www.ncbi.nlm.nih.gov/pubmed/24524534
http://dx.doi.org/10.2105/AJPH.2013.301637
http://www.ncbi.nlm.nih.gov/pubmed/17214651
http://www.ncbi.nlm.nih.gov/pubmed/16357823
http://www.ncbi.nlm.nih.gov/pubmed/22561962
http://dx.doi.org/10.1164/rccm.201111-2076OC
http://dx.doi.org/10.1164/rccm.201111-2076OC
http://www.ncbi.nlm.nih.gov/pubmed/16826161
http://www.ncbi.nlm.nih.gov/pubmed/303008
http://www.ncbi.nlm.nih.gov/pubmed/17989346
http://www.ncbi.nlm.nih.gov/pubmed/18612425
http://dx.doi.org/10.1371/journal.pone.0002624
http://www.ncbi.nlm.nih.gov/pubmed/17806047
http://www.ncbi.nlm.nih.gov/pubmed/19846807
http://dx.doi.org/10.1309/AJCPUHC34NBDGKKL
http://dx.doi.org/10.1309/AJCPUHC34NBDGKKL
http://www.cdc.gov/nchs/nhanes/nhanes2011-2012/overview_g.htm
http://www.cdc.gov/nchs/nhanes/nhanes2011-2012/overview_g.htm
http://www.cdc.gov/nchs/data/series/sr_02/sr02_162.pdf
http://www.cdc.gov/nchs/data/series/sr_02/sr02_162.pdf
http://www.ncbi.nlm.nih.gov/pubmed/5765640


27. Centers for Disease Control and Prevention. NHANES 1999–2000 Public Data Release File Documen-
tation. Atlanta, GA: National Center for Health Statistics, 2015. Available: http://www.cdc.gov/nchs/
data/nhanes/nhanes_99_00/general_data_release_doc.pdf. Accessed 6 April 2015.

28. Tubersol Purified Protein Derivative [package insert]. Swiftwater, PA: Sanofi Pasteur Inc; 2013.

29. Jensen PA, Lambert LA, Iademarco MF, Ridzon R. Guidelines for preventing the transmission of Myco-
bacterium tuberculosis in health-care settings, 2005. MMWRRecommRep. 2005 Dec 30; 54(RR-
17):1–141. PMID: 16382216.

30. Diagnostic Standards and Classification of Tuberculosis in Adults and Children. This official statement
of the American Thoracic Society and the Centers for Disease Control and Prevention was adopted by
the ATS Board of Directors, July 1999. This statement was endorsed by the Council of the Infectious
Disease Society of America, September 1999. Am J Respir Crit Care Med. 2000 Apr; 161(4 Pt
1):1376–95. PMID: 10764337.

31. Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K, et al. Updated guidelines for using
Interferon Gamma Release Assays to detect Mycobacterium tuberculosis infection—United States,
2010. MMWRRecommRep. 2010 Jun 25; 59(RR-5):1–25. PMID: 20577159.

32. R Core Team (2014). R: A language and environment for statistical computing. R Foundation for Statis-
tical Computing. Vienna, Austria. Available: http://www.R-project.org/.

33. Lumley T. Analysis of complex survey samples. J Stat Softw. 2004, 9(1): 1–19.

34. Mirel LB M L, Dohrmann SM, et al. National Health and Nutrition Examination Survey: Estimation proce-
dures, 2007–2010. National Center for Health Statistics. Vital Health Stat 2(159). 2013. Available:
http://www.cdc.gov/nchs/data/series/sr_02/sr02_159.pdf. Accessed 26 November 2014.

35. Camarda C, Eilers PHC, and Gampe J. Modelling general patterns of digit preference. Stat Model.
2008; 8(4):385–401.

36. Eilers PHC, Borgdorff MW. Modeling and correction of digit preference in tuberculin surveys. Int J
Tuberc Lung Dis. 2004; 8(2):232–9. PMID: 15139453.

37. Centers for Disease Control and Prevention. Reported Tuberculosis in the United States, 2013.
Atlanta, GA: U.S. Department of Health and Human Services, CDC, October 2014.

38. Winston CA, Navin TR. Birth cohort effect on latent tuberculosis infection prevalence, United States.
BMC Infect Dis. 2010 Jul 13; 10:206. PMID: 20626871. doi: 10.1186/1471-2334-10-206

39. Chin DP, DeRiemer K, Small PM, de Leon AP, Steinhart R, Schecter GF, et al. Differences in contribut-
ing factors to tuberculosis incidence in U.S. -born and foreign-born persons. Am J Respir Crit Care
Med. 1998 Dec; 158(6):6. PMID: 9847270.

40. Brown A, Patten E. Statistical portrait of the foreign-born population in the United States, 2012. Pew
Research Center, Washington, D.C. Available: http://www.pewhispanic.org/files/2014/04/FINAL_
Statistical-Portrait-of-the-Foreign-Born-2012.pdf. Accessed 13 January 2015.

41. Baillargeon J, Black SA, Pulvino J, Dunn K. The disease profile of Texas prison inmates. Ann Epide-
miol. 2000 Feb; 10(2):74–80. PMID: 10691060.

42. Kong PM, Tapy J, Calixto P, BurmanWJ, Reves RR, Yang Z, et al. Skin-test screening and tuberculosis
transmission among the homeless. Emerging infectious diseases. 2002 Nov; 8(11):1280–4. PMID:
12453356.

43. McAdam JM, Bucher SJ, Brickner PW, Vincent RL, Lascher S. Latent tuberculosis and active tubercu-
losis disease rates among the homeless, New York, New York, USA, 1992–2006. Emerg Infect Dis.
2009 Jul; 15(7):1109–11. PMID: 19624932. doi: 10.3201/eid1507.080410

44. Goodwin DJ, Mazurek GH, Campbell BH, Bohanon J, West KB, Bell JJ, et al. Automation of an inter-
feron-γ release assay and comparison to the tuberculin skin test for screening basic military trainees for
Mycobacterium tuberculosis infection. Mil Med. 2014; 179(3):333–41. PMID: 24594471. doi: 10.7205/
MILMED-D-13-00364

45. Dorman SE, Belknap R, Graviss EA, Reves R, Schluger N, Weinfurter P, et al. Interferon-γ release
assays and tuberculin skin testing for diagnosis of latent tuberculosis infection in healthcare workers in
the United States. Am J Respir Crit Care Med. 2014; 189(1):77–87. PMID: 24299555. doi: 10.1164/
rccm.201302-0365OC

46. Arend SM, Thijsen SF, Leyten EM, Bouwman JJ, FrankenWP, Koster BF, et al. Comparison of two
interferon-gamma assays and tuberculin skin test for tracing tuberculosis contacts. Am J Respir Crit
Care Med. 2007; 175(6):618–27. PMID: 17170386.

47. Choi JC, Shin JW, Kim JY, Park IW, Choi BW, Lee MK. The effect of previous tuberculin skin test on the
follow-up examination of whole-blood interferon-gamma assay in the screening for latent tuberculosis
infection. Chest. 2008 Jun; 133(6):1415–20. PMID: 18347207. doi: 10.1378/chest.07-2193

48. Woodruff RS, Winston CA, Miramontes R. Predicting U.S. tuberculosis case counts through 2020.
PloS One. 2013; 8(6):e65276. PMID: 23785416. doi: 10.1371/journal.pone.0065276

TB Infection Prevalence: NHANES 2011-2012

PLOS ONE | DOI:10.1371/journal.pone.0140881 November 4, 2015 17 / 17

http://www.cdc.gov/nchs/data/nhanes/nhanes_99_00/general_data_release_doc.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_99_00/general_data_release_doc.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16382216
http://www.ncbi.nlm.nih.gov/pubmed/10764337
http://www.ncbi.nlm.nih.gov/pubmed/20577159
http://www.R-project.org/
http://www.cdc.gov/nchs/data/series/sr_02/sr02_159.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15139453
http://www.ncbi.nlm.nih.gov/pubmed/20626871
http://dx.doi.org/10.1186/1471-2334-10-206
http://www.ncbi.nlm.nih.gov/pubmed/9847270
http://www.pewhispanic.org/files/2014/04/FINAL_Statistical-Portrait-of-the-Foreign-Born-2012.pdf
http://www.pewhispanic.org/files/2014/04/FINAL_Statistical-Portrait-of-the-Foreign-Born-2012.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10691060
http://www.ncbi.nlm.nih.gov/pubmed/12453356
http://www.ncbi.nlm.nih.gov/pubmed/19624932
http://dx.doi.org/10.3201/eid1507.080410
http://www.ncbi.nlm.nih.gov/pubmed/24594471
http://dx.doi.org/10.7205/MILMED-D-13-00364
http://dx.doi.org/10.7205/MILMED-D-13-00364
http://www.ncbi.nlm.nih.gov/pubmed/24299555
http://dx.doi.org/10.1164/rccm.201302-0365OC
http://dx.doi.org/10.1164/rccm.201302-0365OC
http://www.ncbi.nlm.nih.gov/pubmed/17170386
http://www.ncbi.nlm.nih.gov/pubmed/18347207
http://dx.doi.org/10.1378/chest.07-2193
http://www.ncbi.nlm.nih.gov/pubmed/23785416
http://dx.doi.org/10.1371/journal.pone.0065276

